Several temperature-sensitive mutants of encephalomyocarditis virus were serially passed numerous times in HeLa, L929 and BHK-21 cells. The reversion of most of the mutants occurred most rapidly in BHK-21 cells and least rapidly in HeLa cells.
The genomes of RNA viruses are known to evolve rapidly upon repeated passage in their host cells (Holland et al., 1982) . The number of mutational events and the rate of mutation leading to this evolution are also dependent upon the choice of the host cell. For example, the generation of defective interfering (DI) virus and its ability to interfere with the replication of the standard infectious virus vary greatly from one cell type to another (Holland et al., 1980; Perrault, 1981) . It has also been observed that changes in viral phenotype occur rapidly when Sindbis virus or foot-and-mouth disease virus (Parry et al., 1978; Cowan et al., 1974) are passed in BHK-21 cells. In this laboratory, we observed that the choice of host cells influenced the generation of DI particles of encephalomyocarditis (EMC) virus (Radloff & Young, 1983) , During our experiments to generate DI particles from several temperature-sensitive (ts) mutants of EMC virus, I also observed that the rate of reversion of the ts mutants at the permissive temperature was dependent upon the host cells. The purpose of this note is to describe this effect.
Four ts mutants, ts 1, ts 2, ts 33b and ts 68, and wild-type virus were passed serially at high multiplicities of infection in HeLa, L929 and BHK-21 cells at 33 °C as described by Radloff & Young (1983) . One additional mutant, ts 55a, was also passed in L929 cells. Mutants ts 1 and ts 33b are phenotypically RNA synthesis-negative at the non-permissive temperature of 39.5 °C (Radloff, 1978) . Mutant ts 2 is phenotypically RNA synthesis-positive at 39.5 °C and is defective in a capsid precursor protein (Young & Radloff, 1982) . Mutants ts 68 and ts 55a are RNA synthesis-positive at 39.5 °C and are possibly defective in a capsid protein because of the increased thermosensitivity of infectivity at 56 °C (Radloff, 1978) . The titre of the viruses was determined periodically during the sequence of passages and the ratio p.f.u.39.5oc/p.f.u.33oc was calculated. The ratio for these viruses before passage was between 10 -5 and 10 -3 (Radloff, 1978) . The infectivity at 33 °C for the mutants and for wild-type virus in all cell lines varied by less than a factor of 10 throughout the experiments even though DI particles were eventually generated for most of the viruses. Thus, variation in the ratio was due primarily to changes in the infectivity at 39.5 °C. Fig. 1 presents the p.f.u.39.5oc/p.f.u.33oc ratio versus passage number for the ts mutants and wild-type virus passed in HeLa cells. Mutant ts 2 was passed 69 times, wild-type virus was passed 61 times and the remaining mutants were passed 58 times. Mutant ts 1 retained its ts phenotype whereas mutant ts 33b lost this characteristic between the 24th and 30th passage. Mutants ts 2 and ts 68 partially lost their ts characteristic and had a p.f.u.39~so¢/p.f.u.33o c ratio between 5 x 10 -2 and 10 -1 after 58 passages. Wild-type virus passed in HeLa cells became more temperature-sensitive with an initial p.f.u.39.5oc/p.f.u.33oc ratio of 0.9 to 1.0 and a ratio after 61 passages of about 0-4. The p.f.u. 39.5oc/p. f.u.33oc ratios at the correspond i ng passage numbers for wild-type virus passed in HeLa cells were subjected to a regression analysis. The logarithms of 0000-6070 © 1985 SGM .5oc/p.f.u.33oc versus passage number for several ts mutants and wild-type EMC virus assayed in HeLa cells. Wild-type EMC virus or cloned ts mutant EMC viruses were passed as described by Radloff & Young (1983) . Virus was assayed in HeLa cells at 33 °C and 39.5 °C as previously described (Radloff, 1978) . The titre at each temperature was usually determined from duplicate assay plates. O, ts 1; A, ts 2; [1, ts 33b; Q, ts 68; I, wild-type. the ratios at the respective passage numbers could be fitted to a straight line with a negative slope that was significant with a P value less than 0.001.
Mutants ts 68 and ts 55a and wild-type virus were passed 68 times in L929 cells and the remaining three mutants were passed 75 times (Fig. 2) . Mutant ts 55a retained its ts characteristic. Mutants ts 1, ts 2 and ts 68 attained a ratio near that for wild-type virus between 24 and 30 passages whereas mutant ts 33b lost its ts characteristic after about 50 passages. Wildtype virus passed in L929 cells became more temperature-sensitive with an initial p.f.u.a9.5oc/p.f.u.33oc ratio of 0.9 to 1.0 and a final ratio of about 0.1. The p.f.u.39.5oc/p.f.u.33oc ratios at the corresponding passage numbers for wild-type virus passed in L929 cells were also subjected to a regression analysis. The logarithms of the ratios at the respective passage numbers were fitted to a straight line with a negative slope that was significant with a P value less than 0.001• Fig• 3 presents the p.f,u.39,5oc/p•f.u.33oc ratio versus passage number for the ts mutants and wild-typ~ virus passed in BHK-21 cells. All of the mutants were passed 74 times and wild-type virus was passed 73 times. Mutant ts 1 partially lost its ts characteristic with a p.f.u.39.5oc/p.f.u.33oc ratio of 1 × 10 -5 after one passage and a final value of 7 × 10 -4. Mutant ts 2 lost its ts characteristic after about 12 passages whereas ts 68 and ts 33b lost this characteristic after about 18 passages• Wild-type virus became more temperature-sensitive when passed in BHK-21 cells with an initial p.f.u.39,5oc/p,f.u.33oc ratio of about 0.9 and a final ratio of about 0.5. A regression analysis was also performed with the p.f.u.39.5oc/p.f.u.33oc ratios at the corresponding passage numbers for wild-type virus passed in BHK-21 cells• The logarithms of the ratios at the respective passage numbers were fitted to a straight line with a negative slope that was significant with a P value less than 0.05 and greater than 0-02. Fig. 3 . P.f.u.39.soc/p.f.u.33oc versus passage number for several ts mutants and wild-type EMC virus in BHK-21 cells. Virus was passed as described in Fig. 1 I believe these data indicate that the host cells influenced the rate at which the ts phenotype was lost from the virus populations at a permissive temperature and that this loss occurred most rapidly in BHK-21 cells and least rapidly in HeLa cells. There are at least two steps in the reversion of the mutant virus. The first step is the generation of a viable virus phenotype which lacks the ts characteristic. The second is the growth of this virus phenotype in competition with the original ts mutant. Either or both of the steps in the reversion process may have occurred more efficiently in BHK-21 cells than in HeLa or L929 cells in the experiments presented here. In the first step, the reversion process may have occurred more rapidly in BHK-21 cells because a greater number of spontaneous virus mutations leading to revertants of the ts phenotype may have occurred when EMC virus was passed in these cells relative to passage in HeLa or L929 cells. If more virus mutations occurred in BHK-21 cells, the probabilities were then greater that mutations were generated at lower passage numbers that could successfully compete with the growth of the original ts mutant. In those cases where reversion did not seem to occur (mutant ts 1 in Fig. 1 and 3 and ts 55a in Fig. 2) , the probability of mutation to a viable revertant phenotype may have been low. Changes in viral phenotype are known to occur rapidly when Sindbis virus or foot-and-mouth disease virus (Parry et al., 1978; Cowan et al., 1974) are passed in BHK-21 cells. Our work with DI particles of EMC virus in HeLa, L929 and BHK-21 cells also indicates that more viral mutations may have occurred in BHK-21 cells (Radloff & Young, 1983) . We found that the RNA of the DI particles generated in HeLa and L929 cells from the serial passage of ts mutants and wild-type virus is composed of one or two molecular weight species, whereas the RNA of the DI particles generated in BHK-21 cells is composed of a larger and undetermined number of molecular weight species. This may indicate that the virus RNA in infected BHK-21 cells experienced more frequent mutational events during the generation of DI particle RNA than occurred in HeLa or L929 cells leading eventually to a larger variety of DI particle species in the BHK-21 cells. It does not imply, however, that the mechanism for the generation of DI particle RNA is the same as that for the type of mutation leading to revertants of the ts phenotype, but only suggests that mutational events of one type or another may occur more frequently in BHK-21 cells than in HeLa or L929 cells. Indeed, there is no evidence to indicate that DI particles of EMC virus appeared more quickly in virus samples passed serially in BHK-21 cells relative to those passed in HeLa or L929 cells.
During the second step of the reversion process, the revertant ts phenotypes generated in the first step must grow in competition with the original ts phenotype. It is not known why the EMC virus wild-type (ts ÷) phenotypes generated in these experiments were able to compete successfully with the mutants at the permissive temperature. One explanation is that the mutants had a slightly reduced replication efficiency relative to the ts ÷ phenotypes generated, even at the permissive temperature, leading to an eventual domination of the virus populations by the ts ÷ phenotypes. Another explanation is that DI particles may have selectively interfered with the replication of the ts mutants but not with any newly generated ts + phenotypes that may have been resistant to interference by DI particles as described by Horodyski et al. (1983) . However, DI particles were probably not involved as the reversion of most of the ts mutants to the ts ÷ phenotype occurred before DI particles were detected. The reversion to the ts ÷ phenotype may have occurred more rapidly in BHK-21 ceils than in HeLa or L929 cells during the second step of the reversion process because the original ts phenotypes may have replicated relatively less well in the BHK-21 cells than in the HeLa or L929 cells than did newly generated ts ÷ phenotypes.
The experiments described in this paper indicate that the ts phenotype of most of the ts mutants reverted to a ts + phenotype during serial passage in three cell lines. During the simultaneous serial passage of wild-type virus in HeLa, L929 and BHK-21 cells, the p.f.u.39.5oc/p.f.u.33oc ratio decreased by a factor of 2 to 3, indicating that ts mutants may have been generated during serial passage of wild-type virus at 33 °C. Regression analyses of the p.f.u.39.5oc/p.f.u.33o¢ ratios at the corresponding passage numbers for wild-type virus in the three cell lines indicate that these decreases were significant. As the final p.f.u.39.5oc/p.f.u.33o¢ ratios for the original ts mutants were usually similar to the final ratios for wild-type virus in these experiments, the loss of the original ts phenotypes may have been followed by or may have occurred simultaneously with the generation of new ts mutations able to compete successfully with the revertant ts ÷ phenotypes. The generation of ts mutants in persistent infections of cell lines has been described previously (Preble & Youngner, 1975; Youngner & Quagliana, 1975; Youngner et al., 1976; Youngner & Preble, 1980) . The ability of Sindbis virus and Sendal virus (Kimura et al., 1976) ts mutants to interfere with the replication of the homologous wild-type viruses in cell culture has also been noted. Such ts mutants are able to compete successfully with the wild-type virus at a permissive temperature. Perhaps ts mutants capable of competing with the growth of EMC virus are generated when the virus is passed serially in culture a large number of times.
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